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Abstract 
In the status of lacking research on response time of static var compensator (SVC), this paper established the 
controlled current source model which can achieve the same effect in response time and reactive compensation with 
the physical model of SVC by analyzing of characteristics in reactive power compensation and the response of the 
static var compensator (SVC) physical model. Through the time module in control signal of controlled current source, 
it can accurately calculate the response time of SVC. It tested the consistency of two models through the simulation 
of a rolling mill start experiment in PSCAD. 
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1.Introduction 
High power electronic devices and FACTS devices are widely used in power systems in recent years. 
They have fast dynamic response which compared to conventional equipment. The static var compensator 
(SVC) is used widely. SVC installed at the supply-side can not only improve the power factor, but also 
compensate the negative sequence current. Its distinguishing features are to restrain the voltage 
fluctuations and flicker effectively and to offset unbalanced load by dynamic compensating the changing 
load quickly and continuously. 
Therefore, there are more and more studies about static var compensator (SVC) in various types of 
literature. The response time in various types of research is the more important part. Inaccurate response 
time will directly lead to misjudgment of reactive power compensation by SVC which will mislead the 
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actual application. But there were no comprehensive studies of SVC response time in all of the literatures. 
Only a few literatures mentioned SVC response time. For examples, [2][3] had proposed the response 
time of SVC is about 40ms when comparing SVC to STATCOM. They did not give a program to 
calculate the response time of SVC accurately. [4] [5] mentioned that the characteristic of SVC response 
time has impact to improve its power transmission capacity and stable level. But they did not give a 
precise calculation of response time. 
In the situation of few studies on the SVC response time in and abroad, this paper calculated the 
response time of SVC physical model through analyzing the characteristic of reactive power 
compensation by SVC. Based on above, this paper established a second order system which has the same 
respond time as the SVC physical model. Take this second-order system as the control signal which is 
embedded in controlled current source model to achieve a better result in reactive power compensation 
which is compared with the SVC physical model of in the system. It proved the accuracy of the 
second-order system which is used to simulate the response time of SVC physical model. It provided a 
reference to research the reactive power compensation capacity of SVC physical model. 
2.The Characteristic of Svc Physical Model to Compensate Reactive Power 
There are many types structure of static VAR compensator applied in power system. In this paper, the 
controllable current source model is based on the usual type of SVC which is controlled reactor (TCR) + 
filter (FC). The single phase structure of device is shown as the following figure. 
 
Figure1 The physical model of SVC in single-phase structure  
Because of the characteristic of TCR, the actual output of reactive current or impedance will lag the 
reference input value. SVC response time is mainly caused by the trigger delay. 
When the TCR firing angle of thyristor is fixed, the response time of reactive power compensation is 
random. The trigger firing delay angle changes in > @qq18090ˈ  when 0 ° as the voltage initial phase angle 
in a cycle. Take the random response time as a population and record each response time which 
corresponds 10°changing firing angle. 
TABLE I.  RESPONSE TIME FOR THE CORRESPONDING FIRING ANGLE 
Firing angle˄degree˅ Response time˄ms˅ 
90 5.000 
˄90ˈ120] 12.405 
130 11.300 
140 10.040 
150 9.985 
160 9.940 
170 1.250 
180 18.750 
Sample is discrete random variable. Set it as [ .The probability of each value is equal as 0.1. So the 
mathematical expectation is: 
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Repeat the simulation for cycles to get a set of random variables }{ n[  independently. Obviously, 
}{ n[  are independent and have the same distribution. According to the Khintchine’s theorem which 
means when n is large enough, ¦
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1 [  close to their mathematical expectation with in great probability. 
So, the response time of SVC is approximately equal to 10.348ms in a long simulation time. 
It got the same simulation results about TCR+FC. It proved that the response time of SVC is caused 
by the trigger delay. 
From the simulation, it takes a delay time to get the new reactive power value when the firing angle 
changing from one to another. So the characteristic of reactive power compensation by SVC is ladder for 
the continuous changing reactive power. 
A set of data of reactive power which is measured in a rolling mill is plotted as Q in the below figure. 
Take TCR to compensate reactive power (plotted as svcQ ). The figure reflected the feature of reactive 
power compensation of SVC. 
 
Figure 2. The characteristics of reactive power compensation of the SVC physical model 
3.Establish the Model of Controlled Current Source 
Achieved using current source model in the PSCAD as SVC physical model, the key is to be output 
reactive current whose phase is vertical with the voltage phase; secondly the response time of current 
source should be the same as the actual unit. 
It is very easy to achieve the first point by shifting the voltage phase 90 °. The second point is 
achieved by a second-order system which is approximate with the response time of SVC physical model. 
Design the second-order system as 
)1)(1(
1
21 STST 
. Give it a step excitation to adjust the 
parameters sTsT 001.0,002.0 21    which could make its response time achieve 10.348ms. 
The controllable current source model is connected with the TCR model on the same bus. Take the 
time every 10ms random variation as the TCR firing angle model input to simulate the load reactive 
random changes. If the controllable current source model can absorb the reactive power which is 
produced by the SVC physical model, in other words the bus reactive power is zero, and then the 
controlled current source model and physical model of SVC is particularly good fit. 
Circuit is as following: 
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Figure 3.  Circuit figure for simulation 
Because of the TCR type of SVC can only compensate the fundamental part of the system[6][7]; the 
analysis is only for fundamental of the instantaneous reactive power[7][8][9]. 
Design the input signal function of the controllable current source as following: 
)2sin121(2)( D
SS
DD  
LX
EI                                                  (2) 
E is the voltage amplitude. LX  is the fundamental reactance. 
The input signal of controllable current source:  
 
Figure 4.  Injected signal of controlled current source 
Regulate the proportional gain of PI to get well fit between ),( tQ D and ),( tq D . Use the value of 
reactive power on bus to authenticate the fit.  
 
Figure 5.  Comparison of function ),( tQ D and ),( tq D  
From the above figure 5, reactive power on bus was fluctuating within a narrow range around zero. 
So, ),( tQ D was fitting well with ),( tq D . 
4.Example Authentications 
4.1.Introduce the example  
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Figure 6 Electrical diagram of a substation 
The substation power is from the 6kv bus of 16000kVA/66kV. The 10kv bus had other auxiliary 
power load. The rolling mill load was on the 6kv bus. 
Since starting the process of rolling mill had a large demand for reactive power, so the lack of reactive 
component will cause the voltage dropping. 
Take the SVC physical device and the control current source device into the 6kv bus respectively to 
observe the curve of their reactive power compensation. 
4.2.Compare the SVC with the control current source 
The circuit figure of SVC physical model into the 6kv bus is as following: 
  
Figure 7 Electrical diagram of SVC in the system 
SVC firing angle model control strategy used voltage control strategy[7]: 
 
Figure 8 Control strategy of firing angle in the SVC physical model 
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When the voltage deviation is detected by the automatic voltage regulator deviation (AVR), take the 
control strategy such as proportional integral (PI) control to change the reactive current on load bus which 
can adjust the voltage error to reduce an acceptable level. 
The capacity design of TCR and FC and the calculation of each parameter reference referred reference 
[3]. 
In steady-state mode, the controlled current source model is as follows: 
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Figure 9 Steady-state model of controlled current source 
Based on bus voltage, *Q  standards for the SVC per unit of rated capacity. *U  standards for the per 
unit of bus voltage. Through the second delay part, 'I  becomes the current RMS I  which is issued by 
control current source. 
In the transient mode, the controlled current source model is as follows: 
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Figure 10 Transient model of controlled current source 
Compare SVC physical model to control current source and give the simulation figure as follows: 
 
Figure 11 Comparison chart of reactive power compensation capacity 
    From the figure 11, the design of control current source model in this paper is approximate to the 
SVC physical model. SVC physical model can be replaced by the control current source model in the 
actual. 
5.Conclusion 
This paper analyzed the characteristics of compensating reactive power by SVC physical model and 
obtained response time of the SVC physical model through simulation. 
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Based on above, this paper established a second order system which has the same respond time as the 
SVC physical model. Take this second-order system as the control signal which is embedded in 
controlled current source model to achieve a better result in reactive power compensation which is 
compared with the SVC physical model of in the system. It proved the accuracy of the second-order 
system which is used to simulate the response time of SVC physical model. 
SVC physical model can be replaced by system-level controllable current source model to be applied 
in practice by simulating the actual rolling mill. 
References 
[1]Zhou ke, Luo an. An Integrated System with High-capacity Harmonic Restraint and Reactive 
PowerCompensation[J]. PowerElectronics,2008,42(4):4-6  
[2] Zhang Hong; Tan Wan-yu; Shi Chun-cheng; et al.; Analysis and Comparison Between Static Synchronous Compensator and 
Static Var Compensator. , Jilin Electric Power,2009,6.  
[3] Zhou qun, Zhang yi, Huang jia-yu.Study of improving stability of yangcheng transmission system using static var 
compensator, power system technology.1999,8.  
[4] Xie xiao-rong, Jiang qi-rong. Flexible AC Transmission Systems:Principles and Applications. Tsinghua University Press. 
2006,9.  
[5] Akagi  H .New Trends in Active Filter for Power Conditioning[1].IEEE Transaction on.Industry Applications, 1996, 
32(6):1312ϔ 1322. 
2004: 57~67. 
 
